Emphysematous osteomyelitis is a rare but potentially fatal infection. It is caused by gas-forming organisms and is characterized by the presence of intraosseous gas. A 75-year-old woman with untreated diabetes mellitus presented with difficulty in moving and anorexia. Laboratory studies revealed inflammation, a urinary infection, and diabetic ketoacidosis. Klebsiella pneumoniae was detected in both urine and blood cultures. Computed tomography and magnetic resonance imaging revealed emphysematous lesions in the paravertebral soft tissue, spinal canal, and iliopsoas muscle, with intraosseous gas at L1 and L2. These findings led to a diagnosis of emphysematous osteomyelitis. We herein review 35 reported cases of emphysematous osteomyelitis including our case.
Introduction
Emphysematous osteomyelitis is a rare but serious condition that may also be fatal. The presence of intraosseous gas is generally reported after trauma, biopsy, penetrating wounds, and fractures (1) . However, the formation of intraosseous gas in the extra-axial skeleton in the absence of the above conditions is suggestive of emphysematous osteomyelitis, especially in patients with infections due to gasproducing organisms (2, 3). Ram et al. first described intraosseous gas as a sign of emphysematous osteomyelitis in 1981, and to date, only 34 emphysematous osteomyelitis cases have been reported in the English literature . We herein describe the case of a 75-year-old woman with diabetes mellitus who presented with combined diabetic ketoacidosis and emphysematous osteomyelitis caused by Klebsiella pneumoniae due to thehematogenous spread of a urinary tract infection. In addition, we reviewed all the pertinent literature on emphysematous osteomyelitis and summarized the characteristics.
Case Report
A 75-year-old Japanese woman presented to the emergency department with a 5-day history of difficulty in moving and anorexia. She had no remarkable medical or family history, and was not taking any medication because she had never visited a medical facility. However, she had developed polydipsia and polyuria for the past 1 year. Her eyesight had worsened 2 months previously and she had simultaneously developed difficulty in walking, although she denied experiencing any trauma or pain.
On arrival, the patient was slightly drowsy, but her Glasgow Coma Score was 15 and body mass index was 25.1 kg/ m 2 . Physical examination revealed percussion pain in the vertebrae and dryness in the tongue and armpits, but no tenderness on her back, with stable vital signs (blood pressure= 107/75 mmHg; pulse=95/min; body temperature=35.8 ; respiratory rate=18/min; oxygen saturation=100%). Laboratory studies indicated pyuria on urinalysis, leukocytosis (white blood cell count=21,500/μL), an increased level of Creactive protein (22.20 mg/dL), hyperglycemia (glucose=800 mg/dL), and an increased level of glycated hemoglobin (Table 1) . We diagnosed a urinary infection due to neurogenic bladder dysfunction which was associated with diabetes mellitus and diabetic ketoacidosis. Shortly after hospital admission, the patient developed a fever and thereafter became comatose. Urine and blood cultures were positive for K. pneumoniae, which both showed the same sensitivity. We did not perform a string test; therefore, we could not determine whether K. pneumoniae was hypervirulent. Head computed tomography (CT) revealed no bleeding, masses, or edema. A plain CT of the abdomen revealed emphysematous lesions in the paravertebral soft tissue, spinal canal, and iliopsoas muscle without abscess or fracture from Th12 to L2. In addition, the presence of intraosseous gas at L1 and L2 was observed, and a small amount of air in the disks from Th11 to L4 ( Fig. 1, 2 ). We then conducted magnetic resonance imaging (MRI), where the (Fig. 3) . The findings from a blood culture, CT, and MRI led to the diagnosis of emphysematous osteomyelitis. In addition, infective endocarditis was also suspected; however, the patient could not undergo transesophageal echocardiography due to her general poor condition. Transthoracic echocardiography demonstrated no vegetation or regurgitation.
Initially, the patient was admitted to the intensive care unit and treated for sepsis and diabetic ketoacidosis. A Foley catheter was inserted into her bladder and broad-spectrum antibiotics (meropenem) and intravenous fluid therapy were initiated. The patient's blood sugar level was strictly controlled with an insulin drip. However, the patient did not respond to these treatments. Blood culture tests were repeated but no bacteremia was detected. On day 4, we repeated the CT scan to check for any abscess, but none was detected. Surgical treatment was also considered, but it was not indicated because she did not have an abscess. The patient died 10 days after hospital admission due to multi-organ failure including disseminated intravascular coagulation.
Discussion
Emphysematous osteomyelitis should be considered as one of the possible diagnoses if intraosseous gas is detected, especially in the extra-axial skeleton (22) . The differential diagnosis of intraosseous gas includes trauma, post-surgical change, lymphangiomatosis of the bone, degenerative disease, osteonecrosis, and neoplasm (19, 24) . To date, there have only been 34 cases of emphysematous osteomyelitis reported in the English literature. We reviewed all 34 cases as well as our case ( Table 2) .
The characteristics these cases showed no sex deviation, with 17 of the 35 cases reported in women. The median age at presentation was 52 years of age among women (range 14-78 years) and 51 years of age among men (range 23-72 years). Remarkable predisposing factors were diabetes mellitus (n=12), malignant tumors (n=5), alcohol abuse (n=4), enteritis (n=3), and sickle cell anemia (n=2). No predisposing factors were observed in seven cases (Fig. 4) . Diabetic ketoacidosis was a complication in the present case; to the best of our knowledge, this is the first case to report the presence of diabetic ketoacidosis as a complication. Emphysematous osteomyelitis and non-emphysematous osteomyelitis are not remarkably different in terms of their symptoms. The most common symptoms include fever and pain at the infected site. It is difficult to distinguish between emphysematous osteomyelitis and non-emphysematous osteomyelitis based on only the symptoms or physical assessment; therefore, we suggest that imaging should be performed.
To date, most reported emphysematous osteomyelitis cases including our case have been monomicrobial. Among the 35 reported cases, 24 were monomicrobial, 10 were polymicrobial, and one was an unknown infection. These infections were located in the vertebrae (n=17), pelvis (n=10), femur (n=8), tibia/fibula (n=3), and sternum (n=2) (Fig. 4) . The causative organisms of emphysematous osteomyelitis are similar to those reported for other gas-forming infections, such as Escherichia coli, (n=10), K. pneumoniae (n= 7), Bacteroides spp. (n=7), and Fusobacterium (n=5) (Fig. 4) . In contrast, the most common causative agent of vertebral osteomyelitis is Staphylococcus aureus (28) . Therefore, when diagnosing osteomyelitis caused by gas-forming organisms, emphysematous osteomyelitis should always be considered in the differential diagnosis. Vertebral infectionsare most commonly observed in patients with emphysematous osteomyelitis caused by K. pneumoniae. The rate of K. pneumoniae infection increases in individuals with impaired host defenses. Diabetes was an underlying condition in 36% of the cases and malignancy in 26% of the cases in a report of 101 patients with Klebsiella bacteremia, which is similar to that reported among emphysematous osteomyelitis cases (29 Empiric treatment should include antibiotics with activities against the causal microbe. Unfortunately, the details regarding the optimal duration for administering antibiotics for the treatment of emphysematous osteomyelitis cases has not been elucidated in the pertinent literature, and thus no definitive conclusions can be made. However, the high level of surgical intervention and high mortality rate associated with emphysematous osteomyelitis are clearly evident (17) . Surgical intervention should be considered for the treatment of acute osteomyelitis if abscess formation or radiologic evidence of necrosis is detected (26) . Among the reported 35 cases, at least 19 cases (54%) required surgical intervention and four cases (11%) required multiple surgeries. There were 19 cases with abscesses. Our case did not have any abscess; therefore, no surgery was required. However, surgery was performed in three cases without any abscess for infectious source control, which led to a good prognosis. In contrast, surgery performed in three cases with abscesses resulted in a fatal outcome. Compared with vertebral osteomyelitis, with a mortality rate of 6% to 11%, emphysematous osteomyelitis was associated with a higher mortality rate (37%; 13 patients emphysematous osteomyelitis died in the hospital 56 days after diagnosis) (30) (31) (32) .
Therefore, our findings suggest that an early diagnosis and immediate treatment, including effective antibiotics and surgical intervention, when indicated, are essential for preventing the potentially fatal consequences associated with emphysematous osteomyelitis.
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